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Abstract 
This paper proposes the use of series FACTS devices to relieve congestion and enhance the security in restructured 
power system. Harmony search algorithm as a novel heuristic algorithm is employed for optimal locating and sizing 
of series FACTS devices. In order to reduce the solution space and to pinpoint the lines which are more suitable for 
FACTS device placement line outage sensitivity factors is employed. Two different objective functions are 
considered in the optimization problem, the first one is the total congestion cost and the other is total generation cost. 
To validate the effectiveness of the proposed method and show its efficiency, the simulations are carried out on IEEE 
14-bus test system. The results of the proposed method are compared with those obtained by particle swarm 
optimization and with those obtained by congestion rent contribution method. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
Congestion management; Series FACTS devices; line outage sensitivity factors; Harmony Search Algorithm. 
1. Introduction 
Restructuring of power system has led to extensive usage of transmission systems. The competition in 
electricity market has also lead to an increased volume of electricity trade. This situation leads to an 
unexpected need of power transfer through some transmission lines [1]. Therefore the Locational 
Marginal Prices (LMPs) are different all over the system [2]. Some of the market participants can abuse 
this situation in electric power market and using market power, gain more profits. In this situation, the 
development of competitive electricity market is hindered and the market equilibrium will be periled, so 
the social welfare is decreased. In deregulated electricity market, transmission systems are often operated 
near their rated capacity, especially in peak hours.  
In recent years many research have been carried out to develop congestion management approaches. 
Managing transmission congestion in deregulated electricity markets is discussed in [3], whereas optimal 
power dispatch in restructured electricity markets considering congestion is discussed in [4]. Other 
methods include system re-dispatch [5], system reconfiguration [6], expanding transmission network [7], 
load demand control [8], distributed generation [1], and application of FACTS devices [9]-[11]. The 
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development of FACTS devices based on the progressive semiconductor technology opens up the 
possibility of controlling the power flow in the transmission lines and extending the loadability of the 
available transmission system and therefore mitigating congestion. FACTS devices can control the line 
reactance, bus voltage and line active and reactive power flows. Optimal placement and proper parameter 
setting of FACTS devices has gained much attention in the literature. Different methods have been 
proposed for optimal placement of FACTS devices with several objective functions. In [9] optimal 
implementation of FACTS devices is discussed for relieving congested lines of the system. Reference [12] 
proposed the use of TCSC and SVC to maximize ATC.  
Harmony Search Algorithm (HSA) in one the most powerful heuristic method that is conceptualized 
using the musical process of searching for a perfect state of harmony [13]-[14]. This paper presents a new 
methodology for proper location and parameter setting of TCSC as a series FACTS device for mitigating 
congestion in the deregulated electricity markets. The proposed method is based on line outage sensitivity 
factors and HSA. Line outage sensitivity factors are used to reduce the solution space and to pinpoint lines 
that are more appropriate for placement of TCSC. However, the proposed method can be applied for any 
type of series FACTS devices. The results of simulations carried out on the IEEE 14-bus test system are 
presented and discussed in detail. The results of HSA are compared with those obtained by PSO reported 
in [2] to show the ability and effectiveness of the proposed method.  
2. Proposed Method 
TCSC modelling and formulation is presented in [2]. Detailed information and consideration 
associated with HSA are given in [13]-[14]. The objective of power systems operation and planning in 
deregulated power markets is to maximize the social welfare and to minimize system operation cost. In 
this paper, TCSC is used in order to mitigate congestion and to defer the upgrade investments of the 
network ultimately. Because of the high costs of investment of TCSC, there is considerable risk in their 
application; therefore the best location and proper parameter setting is very important.  
The proposed method makes use of the DC power flow sensitivity factors and HSA algorithm to solve 
the TCSC locating problem so the results will be comparable with [2]. 
The proposed algorithm is explained in two subsections. The first one discusses the objective function 
that should be maximized considering line flow limits, voltage limits and reactive power constraints. The 
second subsection presents the implementation of the HSA to maximize the loadability as an optimization 
problem. 
2.1. DC Power Flow Sensitivity Factors 
The DC power flow sensitivity factors are as follows [15]: 
Δ=, 0ll k
k
fd
f
          (8) 
Where, ,l kd , is line outage sensitivity factor when monitoring line l after outage of line k, Δf is the 
change in MW flow on line l , and 
0
kf is the flow on line k before its outage. Lines l and k are located 
between buses i, j and n, m, respectively. Considering DC power flow formulation we have: 
[ ]θΔ = ΔX P   (9) 
Where, [ ]X is reactance matrix of DC power flow. Line outage sensitivity factor can be calculated by 
(10).
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Where, kx  and lx  are reactance of lines k and l, respectively, and mnX  is mnth element of DC power 
flow reactance matrix. 
2.2. Objective Function 
To achieve the best utilization of the existing transmission systems, FACTS device should be installed 
in such a place to minimize the system congestion as much as possible while have minimum installation 
cost and also satisfy the thermal limits of the transmission lines and the bus voltage limits in the network.  
Two objective functions are considered in this study to be minimized, generation cost and total 
congestion cost. Generation cost can be easily obtained by OPF. The general minimization problem of 
OPF can be stated as: 
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Where, )( kgii PC  is the energy generation costs, and NG is the number of generating units. The offered 
energy cost functions for the generating units are assumed to be quadratic that typically defined as 
follows: 
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Where ai, bi and ci are fuel cost coefficients and 
iG
P  is generator i output power. In order to find the 
total congestion cost, an OPF is performed. Using the results of OPF, flow of each transmission line and 
LMP of each bus are calculated. Then, total congestion cost can be calculated as follows: 
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Where, ijP  is power flow of line ij, LN is the number of transmission lines. ijρΔ is LMP difference of 
buses i and j and is defined as follows: 
ij i jp LMP LMPΔ = −
        
(14)
In the congestion rent contribution method [10], ranking of lines for TCSC location is based on the 
congestion cost contributions (CCCs), as defined below, in descending order of magnitude to form a 
priority list.  
ij
ij
CC
CCC
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=
         
(15)
Where, ij ij ijCC Pρ= Δ is the congestion cost of line ij. The proposed method considers a predefined 
number of these ranked transmission lines based on their CCC lines and runs OPF program for each of 
those considering the TCSC located on these lines [2]. Flowchart of the solution algorithm is provided 
below. 
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Figure 1. Proposed Optimization Procedure 
3. Simulation Results and Discussion 
Modified IEEE 14-bus test system was used to validate and to show the effectiveness of the proposed 
method in finding the proper locations and size of TCSC. The network and load data for this test system 
are available in [16]. The HSA parameters are presented in Table 1. IEEE 14-bus test system comprises 5 
generators and 11 loads and 20 transmission lines. Line limits are taken from [16]. In this test system both 
objective functions are considered. The total congestion cost, generation cost are 2083.7 and 6334.4 $/h
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while lines 1(1-2) and 2 (1-5) are congested. Line outage sensitivity factors are calculated for lines 1 and 
2 (congested lines) and the results are provided in [2]. 
Table 1. Harmony Search Algorithm Parameters 
HMS HMCR PAR IterMax 
20 0.9 0.3 100 
Among 20 lines in IEEE 14-bus system, seven lines (Lines 1-7) that have larger line outage sensitivity 
factors are selected as candidates for placement of TCSC like [2]. Proper location and size of TCSC in 
candidate locations is determined by the HSA. Table 2 and 3 provides the priority list of locations for 
TCSC based on HSA with total congestion cost and total generation cost as objective function, 
respectively. As the results show the optimal location and size of TCSC are line 6 with K=0.7 and line 2 
with K=0.1436 with total congestion cost and total generation cost as objective function, respectively. 
Tables 4 and 5 provide comparison of the results of the HSA with the results of the congestion rent 
contribution method (CRCM) [10] and PSO [2] with total congestion cost and total generation cost as 
objective function, respectively. The results demonstrate that HSA is more capable in finding the optimal 
location and proper size of TCSC in comparison with CRCM and PSO. Comparing the results of HSA 
with CRCM [10] and PSO [2] for other TCSC location demonstrate that for all TCSC location HSA result 
in a better solution and a more proper size of TCSC that lead to more economical saving. 
Table 2. Results of the Proposed Method with Total Generation Cost as Objective Function 
Priority TCSC Location From Bus To Bus K Total Generation Cost ($/h)
1 2 1 5 0.1436 5991.0811 
2 3 2 3 -0.4921 6183.0225 
3 6 3 4 0.7000 6195.6078 
4 1 1 2 -0.7000 6226.8040 
5 7 4 5 0.7000 6265.9877 
6 4 2 4 -0.1373 6311.6577 
7 5 2 5 -0.0227 6323.5368 
Table 3. Results of the Proposed Method with Total Congestion Cost as Objective Function 
Priority TCSC Location From Bus To Bus K Total Congestion Cost ($/h)
1 6 3 4 0.7000 1492.4239 
2 3 2 3 -0.3583 1518.1011 
3 4 2 4 0.3808 1598.6937 
4 5 2 5 0.7000 1800.4817 
5 7 4 5 0.7000 1927.2324 
6 2 1 5 -0.7000 1970.0979 
7 1 1 2 0.7000 2019.7399 
Table 4. Comparison of the Result of HSA with PSO and CRCM (Total Generation Cost as Objective Function) 
Method TCSC Location From Bus To Bus K Total Generation Cost ($/h)
CRCM [10] 2 1 5 N/A 6010 
PSO [2] 2 1 5 N/A 6003 
HSA 2 1 5 0.1436 5991.0811 
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Table 5. Comparison of the Result of HSA with PSO and CRCM (Total Congestion Cost as Objective Function) 
Method TCSC Location From Bus To Bus K Total Congestion Cost ($/h)
CRCM [10] 6 3 4 N/A 1600 
PSO [2] 6 3 4 N/A 1516.6 
HSA 6 3 4 0.7000 1492.4239 
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